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(54)  Multistep  method  of  manufacturing  semiconductor  wafers 

(57)  There  is  disclosed  a  method  of  manufacturing 
a  semiconductor  wafer  which  includes  at  least  a  slicing  f=  1  cs  .  i 
process  for  slicing  a  semiconductor  monocrystalline 
ingot  in  order  to  obtain  a  disc-shaped  semiconductor  I  s l i c i n g   p r o c e  
wafer.  In  the  method,  the  sliced  semiconductor  wafer  is  I  . 
etched  before  being  transported  to  a  subsequent  proc- 
ess.  Even  when  a  monocrystalline  ingot  having  a  large  1  — 
diameter  is  sliced  through  use  of  a  wire  saw,  the  method  |  e t c h i n g   p r o c e  

prevents  generation  of  breakage,  cracks,  chips,  or  the 
like  in  processes  subsequent  to  the  slicing  process,  , 
thereby  enabling  production  of  large-diameter  wafers  c h a m f e r i n g   p r o c  
with  high  productivity  and  high  yield  through  utilization 
of  the  advantage  of  the  wire  saw  in  slicing  a  large-diam- 
eter  monocrystalline  ingot;  i.e.,  high  cutting  speed  and  a  l app ing   p r o c e  
small  amount  of  slicing  stock  removal.  1  —  : 
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Description 

BACKGROUND  OF  THE  INVENTION 

Field  of  the  Invention:  5 

The  present  invention  relates  to  a  method  of  manu- 
facturing  semiconductor  wafers,  and  more  particularly 
to  a  technique  used  in  a  method  of  manufacturing  mir- 
ror-polished  wafers  of  semiconductor  silicon,  which  10 
technique  can  prevent  generation  of  breakage,  cracks, 
chips,  and  the  like,  which  would  otherwise  be  generated 
after  a  slicing  process. 

Description  of  the  Related  Art:  is 

As  show  in  FIG.  2,  a  conventional  method  of  manu- 
facturing  semiconductor  wafers  comprises  a  slicing 
process  A  for  slicing  into  disk-shaped  wafers  a  monoc- 
rystalline  ingot  manufactured  by  a  monocrystal  pulling  20 
apparatus;  a  chamfering  process  B  for  chamfering  the 
outer  edge  of  each  of  the  wafers  thus  sliced  in  the  slic- 
ing  process  A,  in  order  to  prevent  the  wafer  from  becom- 
ing  cracked  or  chipped;  a  lapping  process  C  for  lapping 
the  thus-chamfered  wafer  so  as  to  form  a  flat  surface  25 
thereon;  an  etching  process  D  for  eliminating  residual 
mechanical  damage  in  the  surface  of  the  chamfered 
and  lapped  wafer;  a  mirror-polishing  process  E  for  pol- 
ishing  the  surface  of  the  etched  wafer;  and  a  cleaning 
process  F  for  cleaning  the  mirror-polished  surface  of  the  30 
wafer  so  as  to  remove  polishing  agent  and  foreign  mat- 
ter  adhered  thereto. 

In  some  cases,  one  or  more  of  the  above-described 
process  is  divided  into  a  plurality  of  stages  in  order  to 
improve  the  preciseness  of  wafers.  Moreover,  a  heat  35 
treatment  process,  a  cleaning  process  and  the  like  are 
added  to  the  above-described  processes  if  needed.  In 
some  cases,  the  sequence  of  the  above-described 
processes  is  modified,  or  some  processes  are  omitted. 

Conventionally,  the  slicing  process  A  for  slicing  a  40 
monocrystalline  ingot  is  performed  through  use  of  an 
inner-diameter  slicing  apparatus  (hereinafter  referred  to 
as  an  "ID  slicing  apparatus");  in  consideration  of  cutting 
speed  (productivity),  cutting  efficiency  (yield),  cutting 
accuracy  (quality),  etc.  45 

However,  with  a  recent  trend  of  increasing  degree 
of  integration  and  increasing  precision  of  semiconductor 
devices,  the  diameter  of  wafers  used  as  a  material  for 
semiconductor  substrates  has  increased,  so  that  the 
size  of  the  above-described  ID  slicing  apparatus  has  so 
increased.  However,  since  such  an  ID  slicing  apparatus 
is  recently  required  to  slice  a  monocrystalline  ingot  hav- 
ing  a  diameter  of  8  inches,  12  inches,  or  more,  the  size 
of  the  ID  slicing  apparatus  increases,  and  cutting  speed 
cannot  be  increased.  Especially,  since  the  thickness  of  55 
the  blade  must  be  increased  from  the  viewpoint  of 
strength,  the  slicing  stock  removal  increases  relative  to 
the  width  of  a  wafer,  resulting  in  a  reduction  in  the  yield 

of  the  expensive  semiconductor  material. 
To  solve  the  above-described  drawback,  a  wire  saw 

has  come  into  more  frequent  use  for  slicing  a  semicon- 
ductor  monocrystalline  ingot.  Since  a  wire  saw  can  cut 
a  monocrystalline  ingot  at  many  axial  positions  at  one 
time  regardless  of  the  diameter  of  the  ingot,  the  overall 
cutting  speed  is  high.  Further,  since  the  wire  used  for 
cutting  is  thin,  the  slicing  stock  removal  can  be  reduced 
in  order  to  improve  the  yield. 

However,  when  a  monocrystalline  ingot  is  sliced  by 
such  a  wire  saw,  there  arises  a  problem  that  breakage, 
cracks,  chips,  and  the  like  are  generated  in  wafers  in 
processes  subsequent  to  the  slicing  process,  especially 
in  the  lapping  process. 

When  a  silicon  monocrystalline  ingot  having  a 
diameter  of  8  inches  is  sliced  through  use  of  an  ID  slic- 
ing  apparatus,  there  are  generated  breakage,  cracks, 
chips,  or  the  like  in  the  lapping  process  at  a  frequency 
as  low  as  one  wafer  per  1  000  wafers,  which  is  accepta- 
ble  in  practice.  In  contrast,  when  a  wire  saw  is  used, 
breakage,  cracks,  chips,  or  the  like  are  generated  at  a 
frequency  as  high  as  one  to  two  wafers  per  1  00  wafers 
for  the  case  of  a  silicon  monocrystalline  ingot  having  a 
diameter  of  8  inches,  and  at  a  frequency  as  high  as  five 
to  ten  wafers  per  100  wafers  for  the  case  of  a  silicon 
monocrystalline  ingot  having  a  diameter  of  12  inches. 
Since  the  price  of  such  a  monocystalline  ingot 
increases  with  diameter,  the  increase  in  the  rate  of  gen- 
eration  of  breakage,  cracks,  chips,  and  the  like  with 
diameter  causes  a  huge  loss. 

The  difference  in  the  rate  of  generation  of  break- 
age,  cracks,  chips,  and  the  like  between  the  8-inch  ingot 
and  the  12-inch  ingot  is  considered  to  stem  from  a  dif- 
ference  in  work  damage  area,  which  difference  is 
caused  by  a  difference  in  the  thickness/diameter  ratio 
between  the  wafers. 

SUMMARY  OF  THE  INVENTION 

The  present  invention  has  been  accomplished  to 
solve  the  above-mentioned  problems,  and  an  object  of 
the  invention  is  to  provide  an  improved  method  of  man- 
ufacturing  semiconductor  wafers,  which  method  pre- 
vents  generation  of  breakage,  cracks,  chips,  or  the  like 
in  processes  subsequent  to  a  slicing  process,  even 
when  a  monocrystalline  ingot  having  a  large  diameter  is 
sliced  through  use  of  a  wire  saw,  thereby  enabling  pro- 
duction  of  large-diameter  wafers  with  high  productivity 
and  high  yield  through  utilization  of  the  advantage  of  the 
wire  saw  in  slicing  a  large-diameter  monocrystalline 
ingot;  i.e.,  high  cutting  speed  and  a  small  amount  of  slic- 
ing  stock  removal. 

To  achieve  the  above  object,  the  present  invention 
provides  a  method  of  manufacturing  a  semiconductor 
wafer  which  includes  at  least  a  slicing  process  for  slicing 
a  semiconductor  monocrystalline  ingot  in  order  to 
obtain  a  disc-shaped  semiconductor  wafer,  wherein  the 
sliced  semiconductor  wafer  is  etched  before  being 
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transported  to  a  subsequent  process. 
When  a  sliced  semiconductor  wafer  is  etched 

before  being  transported  to  the  subsequent  process, 
the  wafer  can  be  transported  to  the  subsequent  process 
in  a  state  in  which  damage  of  the  wafer  caused  by  the  s 
slicing  process  has  been  eliminated,  so  that  generation 
of  breakage,  cracks,  chips,  or  the  like  can  be  prevented. 

The  method  of  the  present  invention,  in  which  a 
sliced  semiconductor  wafer  is  etched  before  being 
transported  to  a  subsequent  process,  is  preferably  10 
applied  to  the  case  where  the  semiconductor  monoc- 
rystalline  ingot  is  sliced  through  use  of  a  wire  saw,  which 
has  been  common  practice  in  recent  years.  This  is 
because  breakage,  cracks,  chips,  and  the  like  tend  to  be 
generated  more  frequently  in  a  process  subsequent  to  is 
the  slicing  process  if  a  wire  saw  is  used  in  the  slicing 
process. 

The  above-described  method  is  preferably  used  for 
the  case  where  a  semiconductor  silicon  monocrsytalline 
ingot  is  sliced  in  order  to  obtain  a  semiconductor  silicon  20 
wafer,  as  the  present  invention  is  effective  in  production 
of  silicon  wafers,  the  diameter  of  which  has  been 
increased  to  8  inches,  12  inches,  or  more  in  order  to 
cope  with  a  recent  increase  in  the  degree  of  integration 
of  semiconductor  devices.  25 

In  such  a  case,  a  mixed  acid  composed  of 
hydrofluoric  acid  and  nitric  acid  is  preferably  used  in  the 
etching  performed  before  the  sliced  semiconductor 
wafer  is  transported  to  the  subsequent  process. 

Since  etching  through  use  of  acid  does  not  exhibit  30 
selectivity,  a  distorted  layer  and/or  damaged  layer  at  the 
surface  of  a  wafer  can  be  removed  uniformly.  In  addi- 
tion,  since  use  of  a  mixed  acid  composed  of  hydrofluoric 
acid  and  nitric  acid  generates  a  smaller  amount  of  heat, 
there  does  not  arise  a  new  problem  that  cracks  are  gen-  35 
erated  in  a  wafer  due  to  heat  shock. 

In  the  method  of  manufacturing  a  semiconductor 
wafer  according  to  the  present  invention,  the  strength  of 
a  sliced  wafer  can  be  restored  by  an  etching  process 
inserted  after  the  slicing  process  for  slicing  a  semicon-  40 
ductor  monocrystalline  ingot.  Accordingly,  the  sliced 
wafer  is  prevented  from  suffering  breakage,  cracks, 
chips,  and  the  like,  which  would  otherwise  occur  in  a 
process  subsequent  to  the  slicing  process  due  to  distor- 
tion  induced  during  the  slicing  process.  45 

The  method  of  the  present  invention  is  especially 
effective  in  the  case  where  a  monocrystalline  ingot  hav- 
ing  a  large  diameter  is  sliced  through  use  of  a  wire  saw, 
during  which  process  the  strength  of  a  sliced  wafer 
decreases  considerably.  This  is  because  the  strength  of  so 
the  sliced  wafer  can  be  recovered  in  order  to  prevent 
generation  of  breakage,  cracks,  chips,  or  the  like  after 
the  slicing  process.  In  this  case,  the  advantage  of  the 
wire  saw  in  slicing  a  large-diameter  monocrystalline 
ingot  —  i.e.,  high  cutting  speed  and  a  small  amount  of  55 
slicing  stock  removal  —  can  be  utilized,  thereby  enabling 
production  of  large-diameter  wafers  with  high  productiv- 
ity  and  high  yield. 

37  A2  4 

In  addition,  since  the  etching  performed  after  the 
slicing  process  reduces  the  thickness  of  a  wafer  to  be 
transported  to  the  subsequent  lapping  process,  the 
amount  of  material  to  be  removed  by  the  lapping  proc- 
ess  can  be  reduced,  thereby  shortening  the  lapping 
time  by  20  to  40%. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

FIG.  1  is  an  exemplary  flowchart  illustrating  the 
general  processes  (steps)  of  a  method  of  manufac- 
turing  semiconductor  wafers  according  to  the 
present  invention; 
FIG.  2  is  an  exemplary  flowchart  illustrating  the 
general  processes  (steps)  of  a  conventional 
method  of  manufacturing  semiconductor  wafers; 
and 
FIG.  3  is  a  graph  showing  the  measured  strengths 
of  wafers  of  Example  1  and  Comparative  Example. 

DESCRIPTION  OF  THE  INVENTION  AND  PRE- 
FERRED  EMBODIMENTS 

The  present  invention  will  be  described  in  more 
detail  with  reference  to  an  exemplary  case  in  which  sili- 
con  monocrystalline  wafers  are  manufactured  as  semi- 
conductor  wafers. 

In  order  to  solve  the  problems  involved  in  the 
above-described  conventional  method,  the  inventors  of 
the  present  invention  performed  a  three-point  bending 
test  in  order  to  confirm  that  a  wafer  obtained  through 
cutting  by  a  wire  saw  actually  breaks  more  easily  than 
does  a  wafer  obtained  through  cutting  by  a  conventional 
ID  slicing  apparatus.  The  test  results  revealed  that  a 
wafer  obtained  through  cutting  by  a  wire  saw  has  a 
lower  strength  than  does  a  wafer  obtained  through  cut- 
ting  by  an  ID  slicing  apparatus  and  breaks  more  easily. 

Although  the  reasons  have  not  become  clear,  the 
inventors  theorize  as  follows. 

In  general,  diamonds  embedded  in  an  internal 
blade  of  a  ID  slicing  apparatus  used  in  a  slicing  process 
have  a  grain  size  of  #325  (average  grain  diameter:  50  - 
70  urn),  whereas  free  abrasive  grains  used  for  a  wire 
saw  have  a  grain  size  of  #600  (average  grain  diameter: 
20  urn).  The  depth  of  a  crack  layer  existing  at  the  sur- 
face  of  a  sliced  wafer  is  approximately  15  to  60  urn  for 
the  former  case  and  approximately  1  0  to  30  urn  for  the 
latter  case. 

As  is  understood  from  the  above,  a  wafer  obtained 
through  cutting  by  a  wire  saw  breaks  more  easily  even 
through  the  depth  of  the  surface  crack  layer  of  such  a 
wafer  is  small.  Therefore,  breakage,  cracks,  chips,  and 
the  like  generated  in  a  wafer  after  the  slicing  process 
are  considered  to  stem  not  only  from  the  formation  of 
the  surface  crack  layer  but  also  from  undetectable  work 
damage  layers  such  as  a  so-called  distorted  layer 
(stress  increasing  layer)  existing  at  the  surface  of  the 
wafer.  That  is,  when  an  ID  slicing  apparatus  is  used,  the 
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depth  of  the  crack  layer  formed  in  a  wafer  is  large, 
although  the  depth  of  the  distorted  layer  (stress  increas- 
ing  layer)  formed  in  the  wafer  is  small.  In  contrast,  when 
a  wire  saw  is  used,  the  depth  of  the  distorted  layer 
(stress  increasing  layer)  formed  in  the  wafer  is  large  5 
although  the  depth  of  the  crack  layer  formed  in  a  wafer 
is  small.  Therefore,  in  the  latter  case,  crow  tracks  (or 
crows-feet,  defined  in  J  IS  H0613)  are  generated  due  to 
external  pressure  exerted  after  the  slicing  process, 
resulting  in  generation  of  breakage,  cracks,  chips,  and  w 
the  like. 

The  present  inventors  have  conceived  an  idea  of 
preventing  generation  of  breakage,  cracks,  chips,  and 
the  like  in  a  wafer  by  a  method  in  which  a  damage  layer 
(crack  layer  plus  distorted  layer)  generated  during  the  15 
slicing  process  is  partially  or  completely  removed 
through  etching  in  order  to  increase  the  strength  of  the 
wafer  before  the  wafer  is  transported  to  a  subsequent 
process  such  as  a  lapping  process.  The  present  inven- 
tion  has  been  achieved  based  on  this  idea.  20 

Conventionally,  a  damage  layer  at  the  surface  of  a 
semiconductor  wafer  is  mainly  removed  by  the  etching 
process  D  performed  after  the  chamfering  process  B 
and  the  lapping  process  C.  In  contrast,  in  the  present 
invention,  the  damage  layer  generated  during  the  slicing  25 
process  is  partially  or  completely  removed  by  an  etching 
process  inserted  immediately  after  the  slicing  process 
A. 

Accordingly,  the  method  of  manufacturing  a  semi- 
conductor  wafer  of  the  present  invention  is  performed  in  30 
accordance  with  the  process  flow  shown  in  FIG.  1  .  As 
shown  in  FIG.  1,  an  etching  process  X  is  inserted 
between  the  slicing  process  A  and  the  chamfering  proc- 
ess  B  of  the  conventional  process  flow. 

Since  the  etching  process  X  is  performed  in  order  to  35 
partially  or  completely  remove  a  damage  layer  gener- 
ated  during  the  slicing  process,  the  etching  process  X 
must  be  performed  before  a  sliced  wafer  is  transported 
to  a  subsequent  process;  i.e.,  must  be  performed  imme- 
diately  after  the  slicing  process.  However,  the  chamfer-  40 
ing  process  B,  the  lapping  process  C,  the  mirror- 
polishing  process  E,  and  other  processes,  which  are 
performed  after  the  etching  process  X,  may  be  modified 
in  the  above-described  manner.  That  is,  one  or  more  of 
these  processes  may  be  divided  into  a  plurality  of  45 
stages  in  order  to  improve  the  preciseness  of  the  proc- 
ess  or  processes,  and  a  heat  treatment  process,  a 
cleaning  process  or  the  like  may  be  added  to  the  above- 
described  processes  if  needed.  Moreover,  the 
sequence  of  the  processes  may  be  modified,  or  some  of  so 
the  processes  may  be  omitted.  Accordingly,  the  present 
invention  is  not  limited  to  the  process  flow  shown  in  FIG. 
1. 

The  present  invention  is  especially  useful  in  the 
case  where  a  wire  saw  is  used  in  the  slicing  process  for  ss 
slicing  a  semiconductor  silicon  monocrsytalline  ingot  in 
order  to  obtain  a  disc-shaped  semiconductor  silicon 
wafer. 

Because  a  wafer  obtained  through  slicing  by  a  wire 
saw  has  a  deeper  distorted  layer  (stress  increasing 
layer)  and  therefore  a  lower  strength  compared  with  a 
wafer  obtained  through  slicing  by  an  ID  slicing  appara- 
tus,  breakage,  cracks,  chips,  and  the  like  are  more  likely 
to  be  generated  in  a  wafer  obtained  through  slicing  by  a 
wire  saw.  However,  the  present  invention  can  be  applied 
to  the  case  where  a  semiconductor  monocrystalline 
ingot  is  sliced  by  an  ID  slicing  apparatus,  because 
breakage,  cracks,  chips,  and  the  like  are  generated  in  a 
wafer  even  when  the  wafer  is  obtained  through  slicing 
by  an  ID  slicing  apparatus. 

Since  a  wire  saw  has  become  essential  in  slicing  a 
recently  used  large-diameter  semiconductor  monocrys- 
talline  ingot,  the  present  invention  can  be  effectively 
applied  to  the  case  where  a  large-diameter  semicon- 
ductor  monocrystalline  ingot  is  sliced  by  a  wire  saw, 
thereby  enabling  a  sliced  wafer  to  be  transported  to  a 
subsequent  process  after  the  strength  of  the  wafer  is 
recovered  through  partial  or  complete  removal  of  a 
damage  layer  by  means  of  etching  performed  before  the 
wafer  is  transported  to  the  subsequent  process. 

In  this  case,  the  etching  conditions  are  determined 
such  that  a  sliced  semiconductor  wafer  is  etched  to  a 
depth  of  several  microns  or  more  in  order  to  partially  or 
completely  remove  the  damage  layer  of  the  wafer, 
thereby  preventing  generation  of  breakage,  cracks, 
chips,  and  the  like  during  a  subsequent  process  stem- 
ming  from  damage  sustained  during  the  slicing  process. 
Insofar  as  the  above-requirement  is  satisfied,  the  con- 
centration,  composition,  and  temperature  of  an  etchant 
and  the  time  for  the  etching  process  can  be  freely  deter- 
mined  so  as  to  adjust  an  amount  of  material  removed  by 
etching. 

For  example,  it  is  known  that  a  semiconductor  sili- 
con  monocrystalline  wafer  can  be  etched  in  acid  or 
alkali.  Alkali  etching  can  be  performed  through  use  of 
KOH  or  NaOH  at  a  liquid  temperature  of  50  -  85°  and  a 
concentration  of  30  to  85  wt.%. 

However,  when  alkali  etching  is  performed  for  a 
semiconductor  silicon  monocrystalline  wafer,  selectivity 
occurs,  thereby  raising  a  possibility  that  the  strength  of 
the  wafer  decreases  due  to  exposure  of  the  crystalline 
plane.  Therefore,  it  is  desirable  to  use  acid  etching, 
which  does  not  exhibit  such  selectivity. 

Acid  etching  can  be  conducted  through  use  of,  for 
example,  a  mixed  acid  composed  of  hydrofluoric  acid, 
nitric  acid,  and  acetic  acid  (1  :  2-3  :  1  -1  .5  (volume  ratio)) 
or  a  mixed  acid  composed  of  hydrofluoric  acid  and  nitric 
acid  (1  :  6-10  (volume  ratio)),  at  a  liquid  temperature  of 
20  to  50°C.  The  reaction  time  may  be  determined  in  a 
wide  range  of  10  second  to  5  minutes  in  accordance 
with  the  composition  of  the  etchant. 

Acid  etching  for  silicon  is  generally  performed 
through  use  of  a  mixed  acid  composed  of  hydrofluoric 
acid,  nitric  acid,  and  acetic  acid.  However,  it  was  found 
that  when  a  wafer  is  etched  through  use  of  such  a  mixed 
acid  immediately  after  being  sliced,  there  may  arise  a 
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phenomenon  that  the  wafer  breaks  due  to  heat  shock. 
Accordingly,  a  mixed  acid  composed  of  hydrofluoric  acid 
and  nitric  acid,  which  generates  a  smaller  amount  of 
heat,  is  most  preferably  used  as  the  etchant  in  the 
present  invention.  5 

EXAMPLE 

urn  (Samples  2  and  3),  the  strength  of  the  wafer  is 
recovered. 

Accordingly,  when  a  sliced  wafer  is  transported  to  a 
subsequent  process  after  being  etched  as  in  the 
present  invention,  breakage,  cracks,  chips,  and  the  like 
are  hardly  generated  because  of  the  recovered  strength 
of  the  wafer. 

The  present  invention  will  be  described  by  way  of 
example.  However,  the  present  invention  is  not  limited  to 
thereto. 

Example  1  and  Comparative  Example: 

Measurement  was  performed  to  determine  how  ts 
much  the  strength  of  a  wafer  is  actually  increased  by  the 
method  of  the  present  invention. 

As  measurement  samples,  the  following  six  sam- 
ples  were  prepared  : 

20 
Sample  1  :  a  wafer  that  was  sliced  from  an  8  inch- 
diameter  silicon  monocrystalline  ingot  through  use 
of  a  wire  saw  and  then  cleaned. 
Sample  2:  a  wafer  that  was  obtained  in  the  same 
manner  as  Sample  1  and  was  then  etched  to  a  25 
depth  of  1  0  urn  from  the  surface  through  use  of  a 
mixed  acid  composed  of  hydrofluoric  acid  and  nitric 
acid  (1  :  8  in  volume  ratio). 
Sample  3:  a  wafer  that  was  obtained  in  the  same 
manner  as  Sample  1  and  was  then  etched  to  a  30 
depth  of  20  urn  from  the  surface  through  use  of  the 
same  mixed  acid  as  that  used  for  Sample  2. 
Sample  4:  a  wafer  that  was  sliced  from  an  8  inch- 
diameter  silicon  monocrystalline  ingot  through  use 
of  an  ID  slicing  apparatus  and  then  cleaned.  35 
Sample  5:  a  wafer  that  was  sliced  from  a  12  inch- 
diameter  silicon  monocrystalline  ingot  through  use 
of  a  wire  saw  and  then  cleaned. 
Sample  6:  a  silicon  monocrystalline  mirror-polished 
wafer  having  a  diameter  of  8  inches  that  had  under-  to 
gone  all  processes  of  the  conventional  wafer  manu- 
facturing  method  shown  in  FIG.  2. 

As  the  strength  of  each  wafer,  the  breaking  strength 
of  each  wafer  was  measured  through  a  three-point  45 
bending  test.  This  test  was  performed  according  to  a 
method  of  testing  the  bending  strength  of  fine  ceramics 
defined  in  the  Japanese  Industrial  Standard  R1601- 
1981. 

The  results  of  the  test  are  shown  in  FIG.  3.  so 
As  is  apparent  from  FIG.  3,  the  wafers  (Samples  1 

and  5)  obtained  through  slicing  by  the  wire  saw  has  a 
strength  smaller  than  the  wafer  (Sample  4)  obtained 
through  slicing  by  the  ID  slicing  apparatus.  This  ten- 
dency  is  more  remarkable  in  the  8-inch  wafers  than  in  ss 
the  1  2-inch  wafers. 

It  is  understood  from  the  test  results  that  when  the 
sliced  wafer  is  lightly  etched  to  a  depth  of  1  0  urn  or  20 

Example  2: 

Since  it  was  confirmed  that  the  strength  of  a  wafer 
can  be  improved  by  the  method  of  the  present  invention, 
a  running  test  was  performed,  in  which  8-inch  and  12- 
inch  silicon  monocrystalline  wafers  were  actually  manu- 
factured  in  accordance  with  the  process  flow  shown  in 
FIG.  1  .  A  wire  saw  was  used  in  the  slicing  process,  and 
the  etching  subsequent  to  the  slicing  process  was  per- 
formed  through  use  of  a  mixed  acid  composed  of 
hydrofluoric  acid  and  nitric  acid  (1  :  8  in  volume  ratio)  to 
etch  each  wafer  to  a  depth  of  1  0  urn. 

After  10000  8-inch  wafers  were  manufactured,  and 
breakage,  cracks,  chips,  and  the  like  generated  in  the 
wafers  were  examined.  The  result  of  the  examination 
showed  that  the  ratio  of  generation  of  breakage,  cracks, 
chips,  and  the  like  was  only  about  0.1%.  Since  the  ratio 
of  generation  of  breakage,  cracks,  chips,  and  the  like 
has  been  1  to  2%  for  the  case  of  conventional  slicing 
with  a  wire  saw,  the  present  invention  realized  a  remark- 
able  improvement.  Similarly,  100  12-inch  wafers  were 
manufactured,  and  breakage,  cracks,  chips,  and  the  like 
generated  in  the  wafers  were  examined.  The  result  of 
the  examination  showed  that  the  ratio  of  generation  of 
breakage,  cracks,  chips,  and  the  like  was  1%.  Since  the 
ratio  of  generation  of  breakage,  cracks,  chips,  and  the 
like  has  been  5  to  10%  for  the  case  of  conventional  slic- 
ing  with  a  wire  saw,  the  present  invention  realized  a 
remarkable  improvement. 

The  present  invention  is  not  limited  to  the  above- 
described  embodiment.  The  above-described  embodi- 
ment  is  a  mere  example,  and  those  having  the  substan- 
tially  same  structure  as  that  described  in  the  appended 
claims  and  providing  the  similar  action  and  effects  are 
included  in  the  scope  of  the  present  invention. 

For  example,  although  the  above-described 
embodiment  is  focused  on  the  case  where  a  semicon- 
ductor  silicon  ingot  is  sliced  to  manufacture  silicon 
wafers,  the  present  invention  is  not  limited  thereto  and 
can  be  applied  to  the  case  where  a  monocrystalline 
ingot  of  compound  semiconductor  such  as  GaAs,  Gap, 
InP  or  the  like  is  sliced  to  manufacture  semiconductor 
wafers. 

Claims 

1.  A  method  of  manufacturing  a  semiconductor  wafer 
which  includes  at  least  a  slicing  process  for  slicing 
a  semiconductor  monocrystalline  ingot  in  order  to 
obtain  a  disc-shaped  semiconductor  wafer,  charac- 
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terized  in  that  the  sliced  semiconductor  wafer  is 
etched  before  being  transported  to  a  subsequent 
process. 

A  method  of  manufacturing  a  semiconductor  wafer  5 
according  to  Claim  1  ,  characterized  in  that  a  wire 
saw  is  used  in  said  slicing  process  in  order  to  slice 
the  semiconductor  monocrystalline  ingot. 

A  method  of  manufacturing  a  semiconductor  wafer  10 
according  to  Claim  1  or  2,  characterized  in  that  a 
semiconductor  silicon  monocrystlline  ingot  is  sliced 
in  said  slicing  process  in  order  to  obtain  a  semicon- 
ductor  silicon  wafer. 

15 
A  method  of  manufacturing  a  semiconductor  wafer 
according  to  Claim  3,  characterized  in  that  said 
etching  is  performed  through  use  of  a  mixed  acid 
composed  of  hydrofluoric  acid  and  nitric  acid. 

55 



EP  0  850  737  A2 

F I G .   1 

S L I C I N G   P R O C E S S   '  A  

E T C H I N G   P R O C E S S   ^   "V  -  X  

C H A M F E R I N G   P R O C E S S   '  \ ^ _ _ ^ . b  

L A P P I N G   P R O C E S S   ^  ^   —   * C  

E T C H I N G   P R O C E S S   ^   \   -  D 

M I R R O R - P O L I S H I N G   S   E  

P R O C E S S  

C L E A N I N G   P R O C E S S   - F  

7 



EP  0  850  737  A2 

F=  I   < 3   -  2  

S L I C I N G   P R O C E S S   �  V - ^ A  

C H A M F E R I N G   P R O C E S S   ^ ^ " ^   
—   ̂   B 

L A P P I N G   P R O C E S S   ^ ~ \ _ ^ C  

E T C H I N G   P R O C E S S   D 

M I R R O R - P O L I S H I N G   E  

P R O C E S S  

C L E A N I N G   P R O C E S S   —   F  



EP  0  850  737  A2 

B R E A K I N G   S T R E N G T H   ( M P a )  

S A M P L E   1 

S A M P L E   2  

S A M P L E   3  

S A M P L E   4  

S A M P L E   5  

S A M P L E   6  

oi o  o  o  cn o  
Ni O  O 

l\3 CJI O  
CO O o  

CO C71 O o  o  o  
en o  o  

n  

H  

0  

t 

9 


	bibliography
	description
	claims
	drawings

